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I N T R O D U C T I O N 
I , N T R O D U C T I . O N 
I 
Surfacvants or surface ac t ive substance have been 
refer red to e.'3 amphiphathic, hetropolar or polar-nonpolar 
molecules. The du«l (hydrophobic and hydrophilic) nature 
of the moil^clale i s an e s sen t i a l condition for surface 
a c t i v i t y . The factor , responsible for good surface a c t i v i t y , 
2 
is the balance between lyophobic and lyophilic properties . 
Depending upon the type of surfactant and solvent employed, 
amphiphilic surfactant molecules can assemble to form a 
variety of aggregated structures (aqueous "normal" micelles, 
3—1 8 inverted "reverse" micelles or synthetic vesicles " . Aqueous 
solutions of amphipathic molecules, at a minimum concentration 
referred as the critical miceJle concentration (CKC), associate 
dynamically to form normal micelles. Depending upon the nature 
of thr' hydrophilic head group, micelles can have either cationic, 
anionic, Zwitterionic or nonionic surfaces. Typically the CMC's 
are in the ,10-10 mM range v;ith each micelle consisting of 
3 11 40-180 monomers ' 
Surfactant in a polar solvent (in the presence of 
traces of v;ater) associate to form so-called reversed/inverted 
micelles. The structures of these aggregates inverted compared 
to that of normal micelle and can be thought of as a surfactant 
entrapped water pool in the bulk hydrocarbon solvent. The size 
arid properties of reversed micelles vary vjith the amount of 
3-5 13 14 
water present ' ' , Upon sonication above their phase 
transition temperature, many long chain surfactants assemble 
to form single (or multi-) component bilayer vesicles. Compared 
to micelles, ^ •. kinetic stability of vesicle is much gr'^ a^ter 
as is their ^l^-e (20rn-in,000 monomers/vesicle) . Also, they are 
more 'rigif" and can entrap and retain solubilizates ' ' of 
3, 4 these type of surfactant aggregate systems 
Structural Dependence of Micelle and Critical T'lcelle 
Concentration; 
It has been shown that, as the surfactant concentration 
increases, the shape of tho micellar associates cha-^ges from 
spheroidal to laminar, with a concomitant change in the size 
of the associates'^^. The CKC of various surfactants decreases, 
in non aqueous solvent (as well as in aqueous solution) on 
addition of other organic compounds . The size of reversed 
micelle and its distribution, formed by same anionic surfactants 
having different polar groups were investigated by vapor pressure 
21 
Usmometry , The changes in micelle size and a'4C in surfactant 
solutions are due to a shift in the balance of forces governing 
micelle formation. 
Mixed Michelle Formation; 
When more than one surfactant are present in aqueous 
solution, they fonn a mixed micellar system. Recently a "mass 
action model of mixed micellization" was given, v^ich may be 
3 
preferred over the simplar pseudo-phase separat ion model 
22 
for micelle aggregation number less than f i f t y . A genera-
l ized raulti component nonideal mixed micelle mode4 based on 
the pseudo-phase separat ion, which presents the nonideal i ty 
diae to in te rac t ions between different surfactant components 
in the mixed micel le , i s t rea ted via a regular solut ion 
23 
approximation . Recently mixed micelle formation was 
2'i 
s t u d i e d be tween s u r f a c t a n t s and p h o s p h o l i p i d s and be tween • 
25 
a n i o n i c s u r f a c t a n t s and p o l y t h i o l s 
T h e o r i e s of M i c e l l i z a t i o n ; 
A c c o r d i n g t o pseudo phase t h e o r y , m i c e l l e i s t r e a t e d 
a s a s e p a r a t e bu t s o l u b l e p h a s e , which b e g i n s t o form a t 
CMC . Law of mass a c t i o n a p p r o a c h d e a l s t h e p r o c e s s of 
m i c e l l i z a t i o n a s an e q u i l i b r i u m between monomers and 
22 
m i c e l l e s . A n o t h e r a p p r o a c h , d e s c r i b e d m i c e l l i z a t i o n a s 
a c r i t i c a l phenomenon, u s i n g c l a s s i c a l the rmodynamic 
n u c l e a t i o n t h e o r y m o d i f i e d t o t a k e i n t o a c c o u n t a v a r i a b l e 
27 
s u r f a c e t e h s i o n . The d r i v i n g f o r c e i n t h e ' s u p e r s a t u r a t i o n ' 
o f h y d r o c a r b o n c h a i n i n aqueous s o l u t i o n a r e t h e h y d r o p h o b i c 
f o r c e s . 
In the process of micellisation, real phase separation 
is prevented, however, because of the accumulation of head 
groups on the micellar surface. Accumulation leads eventually 
to zero or negative interfacial tension and prevents dissolu-
tion of the micelles by Brownian motion. 
Thermodynamics of Mice l l lza t ion ; 
The proce_s of raicellization involves the revers ible 
28 
se l f associat ion of N-monomerics in to micelles (M) , for 
a l l values of aonormers (m) from 2 to CK* , The equilibrium may 
be represented a s : 
Nm -^ M 
Since the system i s in equil ibrium, so the chemical po ten t i a l s 
of the monormers and micelle wil l be equal i . e . , 
m W 
where -
)X = M° + RT in c (monomer) m m ra 
where ^ and j^ are t h e i r standard chemical p r o t e n t i a l s . 
From these re la t ions the standard free energy of 
mice l l i za t ion , C!k(P, per monomer i s found to be given as . 
tk(P - RT m c^ - RT/N In C^ 
or 
A ( f = RT m C + RT/N mN - RT/N IC' 
m .. n M 
Where C' = Nq«^ , and in equation (10) Cj^  i s c r i t i c a l micelle 
concentrat ion. 
The s tandard f ree energy of m i c e l l i z a t i o n s fivG , i s 
the o v e r a l l f ree energy chanve which invo lves f r ee energy 
due t o t r a n s f e r o^ hydropholsic p a r t of an amphiphil^ moliscule 
for t h e aqueous medium t o the m i c e l l e / ( A G ^ ) , e l e c t r o s t a t i c 
i n t e r a c t i o n energy, ^^G ) , i n t e r a c t i o n of m i c e l l e with the 
s o l v e n t component (^G ) ' , so o v e r a l l f ree energy may be 
expressed a s : 
e w 
The value of G will be negative while Ac will be positive. 
In the case of nonionic surfactant, A G ^ will be absent, while 
for ionic micelles the upposing forces will be due to A*^ 
These forces are, responsible for definite size of 
w 
31 
micelle, are orginated from the hydrophobic forces 
In dilute solutions/ with aggregation number exceeding 
20-30, the free energy of micellization can be represented by 
the following equation. 
A c ^ 2i - RT In CMC 
By Temperature v a r i a t i o n othF>r thermodynamical parameters can 
be r e l a t e d a s -
/ . o _ -^2 d In (CMC) 
AH^ - - RT —^ 
As° = l A (AH^ -AG°) 
^ i S . 5 . 2 1 . ^ U i i S _ l _ O N 
3 ? The te rm " m i c r o - e m u l s i o n " was f i r s t u s e d by schulman 
t o describ':^ i s o t r o p i c , t r a n s l u c e n t s y s t e m s which were o b t a i n e d 
from c o a r s e m a c r o - e m u l s i o n s d u r i n g t h e t i t r a t i o n v/ith a l c o h o l 
( c l e a r s y s t e m ) . As t h i s c l e a r f l u i d was t h o u g h t t o c o n t a i n 
s m a l l d r o p l e t s o f o i l d i s p e r s e d i n w a t e r , j r wa te r d i s p e r s e d 
i n o i l , t h e s e were t h e n t e rmed o i l - i n - w a t e r (o/w) o r (w/o) 
w a t e r - i n - o i l m i c r o - e m u l s i o n s , r e s p e c t i v e l y . The t r u e n a t u r e of 
m i c r o e m u l s i o n s has b-=en t h e s u b j e c t of many s c i e n t i f i c d i s c u -
33 
s s i o n s e v e r s i n c e t h e i r i n t r o d u c t i o n . Koar and Schulman 
d e s c r i b e d a t r a n s p a r e n t , n o n - c o n d u c t i n g sys tem of wa te r i n o i l 
d i s p e r s i o n s , t h e s e were t e rmed o l e o p h a t h i c hydrom i c e l i e s . 
34 Winsor i n a s e r i e s of a r t i c l e s on h y d r o t r o p y , s o l u b i l i z a t i o n , 
and r e l a t e d e m u l s i f i c a t i o n p r o c e s s e s , d e s c r i b e d a homogeneous 
s o l u b i l i z e d p h a s e which does no t s e p a r a t e , two such p h a s e s 
were i d e n t i f i e d a s S^ and S2» 
The t e rm m i c r o e m u l s i o n i s somewhat m i s l e a d i n g s i n c e t h e 
o n l y t h i n g common t o macro and m i c r o e m u l s i o n s i s t h e f a c t t h a t 
b o t h a r e d i s p e r s i o n s of one p h a s e i n t h e o t h e r . A macroemul s ion 
i s a t h e r m o d y n a m i c a l l y u n s t a b l e sys tem which w i l l s e p a r a t e i n 
t o two p h a s e s , an o i l s o l u t i o n o r p u r e o i l and an aqueous 
s o l u t i o n o r p u r e w a t e r . M i c r o e m u l s i o n s on t h e o t h e r hand a r e 
s t a b l e and w i l l n o t s e p a r a t e u n d e r normal c o n d i t i o n s . 
The d r o p l e t d iameter of a macroemulsion i s approximate ly 
5000 A while for a microemulsion/ Schulman and Montagne 
us ing low angle X-ray d i f f r a c t i o n , found i t s d iameter in the 
o "^ f\ 
range of IOO-600 A . In some cases the diameter va lue was 
as high as 1500 A . macroemulsions as opposed to microemulsions 
s c a t t e r l i g h t ve ry s t r o n g l y . This weak sca t t e r j .ng /^ as used t o 
37 determine microemulsion d r o p l e t dimensions . Low angle X-ray 
38 39 40 36 
S c a t t e r i n g , e l e c t r i c a l r e s i s t a n c e ' , e l e c t r o n Microscopy , 
41 42 43 
NMR / v i s c o s i t y , IR are a few examples of measurements t h a t 
have been employed to s tudy mic oemuls ions , 'Che unders tand ing 
of t h e s t r u c t u r e of microemulsions was d i s t i n c t l y enhanced when 
44 Adamson exposed the s i g n i f i c a n c e of e l e c t r o l y t e s for t h e i r 
formation drawing a t t e n t i o n to f a c t o r s of importance o t h e r than 
4 5 
the i n t e r f a c i a l f^-nsion. Levine l a t e r extended \damson's 
t r ea tmen t / inc lud ing a l so Hexwell s t r e s s terms in the exp re s s ion 
for the free energy of the sys tem. 
Schulman r e f f e r e d t o a microemulsion as an emulsion with 
46 
s p e c i a l p r o p e r t i e s . Tiiis idea has been r e i t e r a t e d by, Gerbacia / 
47 4 8 
Carey and Becher . Other workers cons ide r microemulsions as 
S o l u b i l i z e d systems o r m i c e l l a r s o l u t i o n s ; a growing niamber in 
49 f a c t r e f e r t o the "so c a l l e d microemuls ions" . Osipow in h i s 
d i s cus s ion on t r a n s p a r e n t emulsions claims t h a t "There i s no 
v a l i d method t o d i s t i n g u i s h between microemulsions and s o l u b i l i z e d 
systemsl ' McBain and 0 ' conner d i s t i n g u i s h e d between s o l u b i -
l i z a t i o n and e m u l s i f i c a t i o n . They showed t h a t i n the case of 
hydrocarbon solubilized in a soap solution, the vapor pressure 
of the solubilized material is lower than that in the bulk 
phase; such solutions are thermodynamically stable and their 
properties are solely dependent upon temperature, composition 
and pressure. In an emulsion, however, the vapor pressure of 
the droplet is actually hiyher than the vapor pressure of the 
bulk. 
It was orginally suggested by Schulman that microemul-
sions \^ )Ould form when the surfactant and cosurfactant in the 
right ratio-j-preduced a mixed adsorbed film that would reduce 
the interfacial tension ( H ) b'=>tween the oil and water below 
« 
zero. There ^^ D^uld then be free energy in the amount - JCcif^ 
for dispersion, v^ere ^ is the int^ r^facial area. The interfacial 
tension in the presence of mixed film is given by 
where X»i is the o/w interfacial tension without the film 
present and 7f^  is the spreading pressure of the film. At 
equilibirium y^ becomes zero. If the concept of zero interfacial 
tension is accepted, this model does not seem conceptually valid 
since a fc^ 0 would not require the dispersed phase to be 
3 6 
distributed in spherical droplets as is found in the systems 
Another objection raised by Prince was the necessity of 
attaining the very high equilibrium, interfacial film pressures 
( > 55 dyne/om for alkanes; 3 5 dyne/cm for benzene) in order 
to obtain a Ti = 0. To a l l e v i a t e th i s d i f f i c u l t y Brince^"'" 
maintained tha t i t was notTo/w but (TO/JJ/S ( i . e . , the o i l / 
water i n t e r f a c i a l tension of the o i l and water v/ith the cosur-
f a c t a n t ) . This would eliminate the necessi ty for such high 
51 52 film pressures . Prince ' therefore , a t t r i b u t - d to the 
cosurfactant the r ; l e of lowering the i n i t i a l interf-^cial 
tension to permit the formation of microemulsions (To/w) , i s , 
a. 
however,an. equilibrium expression but it does, n'^vertheless, 
express the role of the consurfactant as more than just an 
association moiety of the surfactant. The dynamic role of the 
cosurfactant in lowering the interfacial tension has not as yet 
been considered in trying to explain microemulsion formation, 
53 
although the effect is mentioned in the literature . The 
transient lowering of interfacial tension due to transport of 
the cosurfactant through the interface and the lack of strong 
interfacial complexing bet'ween the cosurfactant and the surfac-
tant in the process of microemulsion formation were studied by 
46 Gerbacia and Rosano . These authors state that "microemulsions 
are transparent emulsions of high stability". In summary, the 
schulman school believes that 
a) Microemulsions are emulsions of special properties. 
b) The mechanism of microemulsion formation involves negative 
interfacial tension as a transitory state, 
c) The composition range is narrow and 
d) The methodology of formation is important. 
10 
Another group that studied .uicroemulstions is that of 
54 Ekwall/ Friberg and others in Sweden. Friberg stat'-s that 
when the interphase tension is zero, socalled microemulsions 
are formed '^ich cannot be considered as true emulsions. These 
are solutions witn solubiliz'^ d water or solubilized hydro-
carbons". In phase diagrams presented by fikwall et_ al,., as 
well as Paiit, there is a sharp border line between the 
44 
emulsion region and L„ or L. region. Adamson has objected 
the use of the term "microemulsion" and preferred micellar-
emulsions (actually miceller solutions) instead, -"-'he negative 
interfacial tension concept is not accepted as such by Adamson 
who avoids using the problematic negative term by employing the 
total free energy of a multi-component system, which allows for 
terms discribing exchange of material between interface and 
the bulk. Adamson's model for micellar systems was based on 
the fact that such systems can exist in equilibirium with a 
non-collidal aqueous second phase. In this model the interfacial 
region has a positive free energy and at equilibirium the resul-
ting Laplace pressure is balanced by an osmotic pressure of 
Donnan origin. The micellar solution is described as one of 
Swollen micellps rather than a normal oil droplet. -The system 
is transparent due to the small size of the swollen micelles 
compared to the wavelength of visible light. 
55 • Friberg, and tVilton found that the emulsion stability 
of a system will depend on its position in the phase diagram. 
11 
caused by replacement of the oil component has shown the 
effect On emulsion stability. 
The investigation carried out by Schulman and his 
collaborators in the period 1940-1960 developed the picture 
of ^ microemulsion system as a highly concentrated, trans-
parent oil/watar dispersion which is isotropic/ clear, and 
has low viscosity. In microemulsion the c,ap between surfaces 
of adjacent droplets is much less than the diameter of the 
droplets. Hence, microemulsions appear to be system of close-
packed spheres in a continous medium of oil and water. They 
also suggested that in water-in-oil type microemulsions, 
there is no surface charge associated with the interfacial 
film and hence the electrical double layer effect in negligible. 
However, in oil-in-water type microemulsions, they proposed 
that the droplets have a surface charge and hence the electrical 
double layer could contribute to the formation and stability of 
microemulsion. They proposed that the phase continuity may be 
controlled by the surface charge at the oil/water interface. 
This is important from an electrostatic point of view, as the 
presence of charge on the polar group will cause mutual repul-
sion and hence polar groups will tend to go away from one another 
and hence the interface will develop a curvature such that the 
area in the polar group region will be greater than that at the 
1^ LI 
terminal end of the i r hydrocarbon chains . Hence, dispersions 
w i l l form o/w type micro emulsions. In the absence of any 
surfac_e charge, however, the polar groups can be packed 
together and henoe^^the hydrocarbon chains cpn spread apar t 
due to the panetrat ion of o i l molecules in to the i n t e r f a c i a l 
film, leading t o the formation of w/o microemulsions. 
eg 
Ruckenstein and Chi have discussed the s t a b i l i t y 
of microemulsions and the s i ze of droplets in s t ab le micro-
emulsion system using a thermodynamical approach, in order 
t o determine which type of microenulsion is more s t ab le and 
t o predic t the possible occurrence of phase inversion, the 
values of free energy change,AGm, for both types of micro-
emulsion have to be compared a t the same composition. The 
one having the more negative values of CiGm a t tha t p a r t i c u l a r 
composition of the mixture wi l l be favored. Phase inversion 
occurs a t tha t volume fract ion for which the values ofcGm 
for both kinds of microemulsion are the same. 
59 Shinoda and Friberg have summerized the i r extensive 
s tud ie s on the formation of microemulsions using nonionic 
s u r f a c t a n t s . I^ey proposed the following conditions to 
produce microemulsions with minimum amount of su r fac t an t s . 
i) Microemulsions should be produced near or a t the phase 
inversion temperature (PIT) or HLB temperature for a given 
13 
nonionic surfactantr Since the solubilization of water 
(or oil) in a non aqueous (or aqueous) solution of 
nonionic surfactant shov/s a maximum at this temperature, 
ii) The mixing ratio of surfactants should be such that it 
produces an optimum HLB value for the mixture, 
iii) Closer the PIT of two surfactants, the larger the solu-
bilization, hence the minimum ara^ ount of the nonionic 
surfactant is required, 
iv) The larger the size of the nonionic surfactant, the 
larger the solubilization of oil and water. 
Robbins proposed a theory for the phase behavior 
of microemulsions. According to this theory, the hydrophilic 
heads and ligphilic chains of the interphase are treated as 
independent interfaces, water interacting with head, and oil 
with the chains, i^ irection and degree of curvature are 
imposed by a lateral stress gradient in the interface, resul-
ting from differences in interaction on either side of the 
interphase. This stress gradient is expressed in terms of 
physically measurable quantities, namely, surfactant mole-
cular volume, interfacial tension and compressibility. For 
ethoxylated surfactants, increasing temperature, salt 
concentration and oil aromaticity result in increased oil 
uptake and decreased water uptake. Decreasing head/chain 
volume and compressibility ratio have the same effect. 
14 
Using a combination of physical techniques such as 
e l ec t ' - i ca l r es i s t ance , high resolut ion MMR (220 Mc)., spin-
spin re laxat ion time, and v i s cos i t y measurements. Shah e t . a l 
have shown tha t two i so t rop ic c lear systems with iden t i ca l 
compositions, except tha t one contains n-pentanol and the 
o ther n-hexanol, are s t r u c t u r a l l y qui te d i ss imi la r systems. 
From the r e su l t s of t h e i r s tud ies , they proposed that the 
t ransparen t , i so t ropic , c lea r , s t ab le systems prepared from 
o i l /wate r /emuls i f i e r can be c l a s s i f i ed in to one of three 
main ca tegor ies , namely, normal or reverse micel les , water-
i n - o i l microemulsions or. o i l - in -water microemulsions, or 
cosolubi l ized systems. 
The phase behavior of water, o i l , and sur fac tant 
mixtures i s now a subject of considerable research, pr imari ly 
because of the importance to o i l recovery but a lso because 
t ransparen t or t rans lucent phases containing quan t i t i es both 
o i l and water together with surfactant (microemulsion) are 
of s c i e n t i f i c i n t e r e s t . The simplest phase behavior can be 
divided in to three d i s t i n c t Categories, Winsor types I and 
I I systems are those for which almost two equilibrium phases 
e x i s t independent of the overa l l systems composition. When two 
phases coexis t , a type I system yields a microemulsion con-
ta in ing almost the en t i r e surfactant inventory in equilibrium 
with an excess o i l phase. Type I I systems are those for which 
15 
t h e microemulslon phase is in equilibrium v;ith an excess water 
phase. Type i l l systems are these for which a th i rd sur fac tan t -
r ich phase is found to ex i s t for some overaJLl compositions and 
t h i s th i rd phase is in equilibrium with both an excess o i l and 
an excess water phase , This type, often cal led a middle phase 
system is of g rea tes t i n t e r e s t since i t is most effect ive for 
o i l receovery. Indeed a optimum system is defined to be one for 
which the surfactant r ich middle phase contains equal volumes 
of both o i l and water and i t has been shown tha t such systems 
are optimal or nearly optimal with respect to o i l recovery 
The conditions uncler which the surfactant has equal a f f i n i t y for 
o i l and water were found to correspond t o these which are type 
67 68 
I I I ' . Thus, factors which influence surfact.^nt pa r t i t i on ing 
between o i l and water a lso determine the surfactant phase behav-
io r . The phase behavior of microemulslon system is one of the 
major facters determining the-^displacement efficiency of a 
su r fac tan t flood, Microemulslon phase behavior is often 
described in teimis of pseudocomponents which are assumed to 
behave as s ingle component phases, Pseudo component pa i rs are 
for example, surfactant plus alcohol, and Sa l t ( s ) plus water, 
a 
However, the effects of alcohol (co-surfactant) on ^.hase 38 b'ehavior have been recognised as being very s ign i f i can t . 
The effects of s a l t on ph?se behavior are a l so very pronounced, 
{Although brine is frequently regarded as a s ingle pseudcom-
ponent^^'*^^. Recently •'• i t was shown t h a t each component 
16 
influences phase behavior* which means that phase behavior 
Can not be ful ly discribed by assuming s ingle phase pseudoco-
fnponents. 
A typ ica l microemuls ion system contains water, hydro-
carbon, surfactant , and a medium chain a lcohol . Although there 
i s now a good understanding of the molecular and ionic i n t e ra -
c t ions and the s t ruc tu re and dynamics in simple water amphi-
p l l i l e systems, the corresponding p ic tu re of microemuls ions-
72 i s not yet well established , Fundamentally important questions 
concern the possible s t r u c t u r a l organisation of the iricroemul-
s ion into polar and non polar domains and the r i g i d i t y of the 
b a r r i e r s between them. A d i r ec t approach to the e lucidat ion of 
these matters is the determination of se l f diffusion coe f f i -
c i en t s of a l l the cons t i tuents of the microemuls ion, Lindman 
#t .al*. , . have done much work in th i s s ide and hgve shown how 
se l f -d i f fus ion measurements on water and other species can be 
73 used to study the s t ruc tu re of such systems . However, other 
ef fec ts are l ike ly to be important; p a r t i c u l a r l y in determining 
74 75 t h e se l f -d i f fus ion proper t ies of the water. These s tudies ' 
show tha t the in te rac t ion of surfactant head group and v;ater 
g r e a t l y influence the t ranspor t of water in these so lu t ions . 
Recently a mechanism of microemuls ion formation is 
48 developed ,. which shows tha t the process is control led by a 
dynamic equilibrium in which the r a t e of se l f -emuls i f ica t ion 
17 
frcin one or b o t h of t h e 1 i q u i d - 1 i q u i d b o u n d a r i e s i s e q u a l 
t o t h e r a t e of c o a l e s c e n c e w i t h i n t h e m i c r o e m u l s i o n . The 
t h e o r y g i v e s an u n d e r s t a n d i n g as t o which of t h e l i q u i d -
l i q u i d i n t e r f a c e s i s r e s p o n s i b l e f o r s p o n t a n e o u s e m u l s i f i c a -
t i o n , and a l s o as t o t h e n a t u r e of t h e i n t e r n a l p h a s e . I t 
p r e d i c t s t h e dependence of t h e r a d i i of d r o p l e t s on t h e i r 
c o n c e n t r a t i o n in t h e m i c r o e m u l s i o n and on t h e i n t e r f a c i d l 
t e n s i o n and t e m p e r a t u r e . The t h e o r y g i v e s an p x p l a n a t i o n of 
p h a s e i n v e r s i o n i n m i c r o e m u l s i o n s . 
The m i c e l l a r i n t e r a c t i o n i n m i c r o e m u l s i o n s a r e much 
i n f l u e n c e d by t h e m o l e c u l a r s t r u c t u r e of c o n s t i t u t i n g com-
77 p o n e n t s , The a l k e n c s form HoO-con t inuous m i c r o e m u l s i o n s 
a t a c o n s i d e r a b l y lower H2O c o n t e n t t h a n t h e c o r r e s p o n d i n g 
78 
a I k a n e s , I t was shown t h a t t h e t r a n s p o r t p r o p e r t i e s and 
s t r u c t u r e of m i c r o e m u l s i o n s were s t r o n g l y a f f e c t e d by t h e 
79 
n a t u r e of t h e a l c o h o l . I t h a s been r e p o r t e d t h a t t h e f o r -
m a t i o n and v a r i o u s p h y s i c o c h e m i c a l and s t r u c t u r a l p r o p e r t i e s 
of m i c r o e m u l s i o n s a r e i n f l u e n c e d by t h e a l k y l <£hain l e n g t h of 
80—82 83 
o i l , a l c o h o l and e m u l s i f i e r " . K o j i k a n o o b s e r v e d t h e 
m o r p h o l o g i c a l changes of m i c r o e m u l s i o n sy s t em upon d i l u t i o n 
w i t h w a t e r , u s i n g f l u o r e s c e n c e t e c h n i q u e . S t u d i e s by p h o t o n 
84 
c o r r e l a t i o n s p e c t r o c o p y and s m a l l a n g l e n e u t r o n s c a t t e r i n g 85 (SANS) h a v e c l e a r l y i n d i c a t e d t h e e x i s t a n c e of d i s c r e t e 
w a t e r d r o p l e t s d i s p e r s e d i n o i l p h a s e i n w a t e r - i n - o i l m i c r o -
e m u l s i o n s . F u r t h e r , SANS s t u d y used t o show t h e d e p e n d e n c e of 
18 
s t r u c t u r e of w a t e r d r o p l e t sys tem on t h e h y d r o c a r b o n c h a i n 
86 l e n g t h of t h e o i l medium 
Even s i n c e t h e i n t r o d u c t i o n of m i c r o e m u l s i o n i n t h e 
i n d u s t r y and i n t h e s c i e n t i f i c w o r l d , t h e y h e v e r e c i e v e d 
w i d e a t t e n t i o n b e c a u s e of t h e i r a m p l i c a t i o n s i n numerous 
f i e l d s of s c i e n c e and t e c h n o l o g y , T h e i r p o t e n t i a l u t i l i t y 
o p pq 
i n f u t u r e l i e s i n t e r t i a r y o i l r e c o v e r y , p o l l u t i o n o b a t e m e n t 
90 91 
a n d c h e m i c a l p r o c e s s i n g . I t v;as shown by F e n d l e r , t h a t t h e s e 
m u l t i p h a s e d i s p e r s i o n s a r e p r o f i t a b l e f o r c h a r g e s 6 p e r a t i o n i n 
a r t i f i c i a l p h o t o s y n t h e t i c p r o c e s s e s . 
R e l a t i o n s h i p be tween W/o and o /y m i c r o e m u l s i o n s : 
The t e c h n i q u e of fo rming m i c r o e m u l s i o n sys t em depends on 
a number of f a c t o r s such as t h e tyj-^ e^ of o i l s , t h e k i n d of 
s u r f a c t a n t s t h e c o n p o s i t i o n of componen ts , a d d i t i v e s , and 
t e m p e r a t u r e . F o r m u l a t i o n of e i t h e r W/o o r o/w m i c r o e m u l s i o n 
i s d r a s t i c a l l y e f f e c t e d by t h e aslte-f-afion of c o n d i t i o n s 
e m p l o y e d . Some of t h e s e i m p o r t a n t f a c t o r s a r e b r i e f l y d e s c r -
i b e d a s f o l l o w s : 
1 . E f f e c t of t e m p e r a t u r e when a n o n i o n i c e m u l s i f i e r i s used : 
A s w o l l e n m i c e l l a r s o l u t i o n of n o n i o n i c s u r f a c t a n t s 
c l o s e t o t h e c l o u d p o i n t i s i d e n t i c a l t o a S c h u l m a n ' s m i c r o -
e m u l s i o n . Thus , t h e s t u d y of p h a s e e q u i l i b i r i a i n t e r n a r y 
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system composed of water, hydrocarbon, and nonionlc surfac-
t a n t is important in the preparation of microemulsions and 
in increasing the mutual d isso lu t ion of water and o i l by 
the action of a su r fac tan t . Solubi l iza t ion of cyclohexane 
in an aqueous surfac tant solut ion increases markedly c lose 
t o the c2oud noint, but above the cloud point a surfac tant 
phase separates from water and there is no so lub i l i za t ion 
in the aqueous so lu t ion . A large amount of water and o i l 
( e . g . cyclohexane} dissolves in the surfactant phase, and 
t h e twojhase (water and surfactant phases) coexist above the 
cloud po in t , if the amount of o i l in the system is increased 
a t t h i s temperature, an o i l phase appears. The importance 
of sur fac tant phase has been emphasized by Lapczynska and 
92 
Pr iberg . With increasing temperature the s o l u b i l i t y of 
water in a surfactant phase decreases and tha t of o i l increases, 
r e su l t i ng in an increase of volume of the water phase and a 
decrease of surfactant plus o i l phases, 
2) Ratio of ionic sur fac tant to cosurfactant on the mutual 
Solubi l iza t ion of water and o i l ; 
A l ipophi l ic cosurfactant , such as alcohol, g rea t ly 
a s s i s t s in the formation of microemulsions in solut ions of 
ionic surfactants because ionic surfactants are usual ly too 
hydrophi l i c . The optimum r a t i o of ionic surfactant t o cosur-
factant is an important factor in enhancing the s o l u b i l i -
20 
z a t i o " . The phase study is convenient for determining the 
optimuTT^  mixing r a t i o of the two surfactants and a lso for elet-
terwi-n-ing the extent of so lub i l i za t ion of o i l in water and 
water in o i l in the presence of a de f in i t e amount of t o t a l 
59 
sur fac tan t 
3) Why w/o microemulsions are easier to prepa-e than o/w 
types : 
A micelle consis ts of scores of hundreds of sur fac tant 
moleculars . The aggregation number of a mixed micelle may be 
p a r t i c u l a r l y large when a su i t ab le amount of cosurfactant is 
added to the system. The d i s t r i bu t i on of added substances 
such as hydrocarbons or paraffin chain alcohols in micel lar 
so lu t ion may be considered as pa r t i t i on ing between the micelles 
and the bulk so lu t ion . Thus, so lub i l i za t ion is similar to the 
so lu t ion of so lub i l i z a t e in mice l les . The basic s o l u b i l i t y 
93 equation of a perfact solut ion i s : 
In a-, = In X, + ' 1 . ^' '^: 
RT 
where a- is the r e l a t i v e a c t i v i t y of so lu te in equlibirium 
with the so lu te molecules in the micelles as well as in the 
bulk so lu t ion , ^2/ the s o l u b i l i t y expressed in mole f ract ion 
u n i t , v„, the molal volume of so lu te , <^  the vrlume fract ion 
of solvent (component I) and B , the energy of mixing per 
un i t volume a t i n f in i t e d i l u t i on . Although above equation 
2i 
derived for perfect solut ion, the pr inc ip les can be applied 
equally well to r^ost so lu t ions . 
Since the r e l a t i v e a c t i v i t y of v;ater is always c lose 
t o one, because excess water is considered as pure water. 
Hence, the amount of water solubi l ized is roughly propor t io-
na l to the number and s i ze of micelles and depends on the 
s i z e and types of the hydrophilic groups, but the molecular 
volume of water (solubi l iza te) which is very small compared 
t o t ha t of an o i l molecule, is f ixed. The amount of o i l 
so lub i l ized is a l so roughly proport ional to the number and 
s i z e of micelles and not very dependent on the types of the 
l ipoph i l i c groups, but is dependent on the molecular volume 
of the o i l s . Thus, V is small and fixed in the case of w/o 
type microemulsion so tha t the so lub i l i za t ion is large and 
r e l a t i v e l y independent on the types of sur fac tan t . On the 
other hand, in the case of o/w type rricroemulsions, V is 
large and va r i e s , so tha t so lub i l i za t ion is small for o i l s , 
the molecular s izes of which are large. So lubi l iza t ion i s , 
however, a function of the s i ze of micel le , types of so lubi -
l i z e r , the s i ze of so lub i l i ze r , the HIB temperature and HLB-
value of so lub i l i ze r , the s ize of s o l u b i l i z a t e , temperature, 
CMC/particularly in nonaqueous solut ion, because the CMC 
is not always very small) , e t c . 
2o 
4) l^nportance of PIT and HLB : 
I t is evident tha t the so lub i l i za t ion of vjater (or oil) 
in non-aqueous (or aqueous) solut ion of nonionlc surfac tant 
exhib i t s a maximum a t a pa r t i cu l a r temperature^ Thus, the 
optimum nonionic sur fac tant , the PTT of v;h ich is close to 
a given temperature, ' exhibi ts IrT-r^ e so lub i l i z ing power, which 
means a microemuls ion system vfith less emulsif ier . 
Ionic surfactant are usual ly s t ronnly hydrophi l ic . I t is 
d i f f i c u l t to find a s ing le ionic surfactant whose HLB for a 
given o i l is optimum. Hence, ionic surfactant need a l ipo-
p h i l i c consurfactant to increase so lub i l i za t ion , However 
nonionic surfactants change the i r HLB gradually ^vith t h e i r 
oxyethylene chain length, so that a optimum nonionic surfa-
c t a n t show a large so lub i l i za t ion of o i l or water a t a 
s u i t a b l e HLB-value. 
Thermodynamics of Microemuls ions systems; 
The concept of thermodynamic a l l y s t ab le microemuls ions 
evolved via the percieved need for a t r ans i en t negative 
i n t e r f a c i a l tension to spontaneously form these sys tons . 
58 Ruckenstein and Chi undertook a regorous thermodynamic 
treatment of microemuls ions to obtain information on s t a b i l i t y . 
Their work indicated tha t when the free energy change of 
23 
mixing, AG , is negative/ spontaneous formation of 
microemulsions occurs, whereas £^ G is pos i t ive , macroemul-
s ion can be produced, which although therraodynar'icaliy un-
s t a b l e , may be k i n e t i c a l l y s t a b l e . They found tha t for a 
ppecified comnosition, i t is possible to form thermodyna-
mical ly s t ab le emulsions of both types (o/w and w/o) , of 
one type only, or none a t a j l , depending on the value of 
spec i f i c surface free energy. Moreover, they were able t o 
account for the s i ze of droplets in thermodynamic a l l y s t a b l e 
systems and to predic t the occu'-rance of phase inversion. 
Conditions for thermodynamir:al s t a b i l i t y of emulsions were 
04 
considered by Wagner . A number of s i tua t ions were described 
in which the i n t e r f a c i a l tension was zero. Under these 
circumstances the Gibb's energy term is small and may be 
95 
p o s i t i v e or negative. This was e a r l i e r observed by Hartley 
on the basis of q u a l i t a t i v e cons idera i i ns . In addi t ion, 
Wagner postulated tha t a thermodynamic a l l y s t ab le emulsion 
can be obtained only if the concen';ration of surfactant requir-
ed for zero i n t e r f ac i a l tension is lower than i t s CMC. He 
a l s o noted tha t i n t e r f a c i a l tension equal to zero can occur 
only a t an intermediate r a t i o of sur fac tant and cosurfac tant . 
Detailed thermodynamics of microemu 1st ions with spec ia l 
reference to the i r s t ruc tu re and phase behaviour has been 
96 
r e c e n t l y reviewed by Ruckenstein . 
E X P E R I M E N T A L 
2^ 
From t h e s u r v e y of t h e l i t e r a t u r e of rai-croeraulsions, 
i t seems t h a t a l o t of work r ema ins t o be done on s t i r u c t u r e 
f o r m a t i o n of m i c r o e m u l s i o n s and t h e i r t y p e ( s ) i n r e l a t i o n 
t o t h e e f f e c t of n a t u r e of o i l / s u r f a c t a n t , c o s u r f a c t a n t 
and o t h e r a d d i t i v e s . In v iew of t h e i m p o r t a n c e o f t h e s e 
f a c t o r s work e n t i t l e d , "S tudy on t h e E f f e c t of Cha in Length 
of O i l on W a t e r - i n - O i l M i c r o e m u l s i o n " , h a s been c a r r i e d o u t 
a s a f i r s t s t e p . 
E X P E , R I . M E _ N T A L 
MATERIALS : 
P u r i f i c a t i o n of S u r f a c t a n t and S o l v e n t s : 
C e t y l t r i m e t h y l ammonixim bromide (CTAB) , \vas o b t a i n e d 
from sirigma c h e m i c a l company (USA). I t v;as p u r i f i e d by 
r e c r y s t a l l i z a t i o n ( r e p e a t e d s e v e r a l t i m e ) from a c e t o n e and 
d r i e d i n an e l e c t r i c oven a t 50 C t o a c o n s t a n t v^eight . The 
p u r i t y of t h e s u r f a c t a n t was checked from t h e a b s e n c e of 
minimum i n t h g c o n c e n t r a t i o n v e r s u s s u r f a c e t e n s i o n p l o t . 
2 - e t h y l - l - h e x a n o l ( I s o o c t y l a l c o h o l ) was o b t a i n e d from F l u k a 
c h e m i c a l company ( S w i t z e r l a n d ) . The o i l s v i z . , n - p e n t a n e 
(>99%) was o b t a i n e d from F l u k a chan i i ca l company, n -hexane and 
n - h e p t a n e were t h e BDH p r o d u c t s (>99%), A l l t h e s o l v e n t s o t h e r 
t h a n \Aater were u s e d as s u p p l i e d , ' - ' rd ina ry d i s t i l l e d wa te r 
was f i r s t d e m i n e r a l i z e d by p a s s i n g t h r o u g h an i o n exchange 
2 J 
c.luMn. I t was d i s t i l l e d twice in presence of a lkal ine 
glass perrn ignate in a l l / rx j ick- f i t asseaii.ly. Water equi l ibra ted 
witii the atmospheric carbondioxide v,as used for preparing 
the so lu t ions . The conductivi ty of the resu l t ing d i s t i l l e d 
water was in the range l.OxlO" to 2x10" Ohm" . 
Microemulsion Systems : Microemulsions were produced by 
t i t r a t i n g the coarse emulsion of o i l (C-C^)-water-surfactant 
(CTAB) with cosurfactant (2-ethyl-l-hexanal) to obtain homo-
geneous c lea r so lu t ions . To t h i s solution^ addit ion of small 
amount of an o i l resul ted in t u r b i d i t y in the mixture. The 
mixture was then agi ta ted with a glass rod and t i t r a t e d with 
the cosurfactant u n t i l i t became t ransparent . In t h i s manner 
the amount of alcohol and o i l was detennined for several 
add i t ions . Microemulsions composed of d i f fe ren t fixed amount 
of water were prepared using n-pentane^n-hexane, and n-heptane, 
The effect of temperature on microemulsion fomnation and 
t h e i r composition were studied at 10 -40 C in a constant 
temperature bath. The systems thus prepared were i so t rop ic 
and stable and no phase separat ion took place a f te r keeping 
the samples for several days. Also t h e i r physical propert ies 
such as e l e c t r i c a l conductance/ v i scos i ty , and densi ty 
remained unchanged for several days. 
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The e l e c t r i c a l conduc t ance , of a i l c r o e m u l s i o n s of 
v a r i o u s c o m p o s i t i o n \vere measu red by a P h i l l i p s c o n d u c t i v i t y -
m e t e r model PR 9500/ u s i n g p l a t i n i z e d e l e c t r o d e s of p r e d e t e r -
mined c e l l c o n s t a n t 0 . 5 9 8 on 
The v i s c o s i t i e s of m i c r o e m u l s i o n s were measu red by a 
m o d i f i e d form of Ostwald t y p e v i s c o m e t e r . The r e l a t i v e 
v i s c o s i t y of a sample of m i c r o e m u l s i o n was c a l c u l a t e d u s i n g 
t h e r e l a t i o n : 
\> d t 
-:—• = o o 
Ha d^ t^ 
where ri and d r e p r e s e n t t h e v i s c o s i t y and d e n s i t y of t h e 
m i c r o e m u l s i o n s y s t e m , ru and d^ a r e t h e v i s c o s i t y and 
d e n s i t y of w a t e r , a t t h e e x p e r i m e n t a l t e m p e r a t u r e , t ^ and t 
a r e t h e f l ow t i m e s f o r a f i x e d volume of w a t e r and m i c r o e m u l -
s i o n s y s t e m s . The d e n s i t y of t h e m i c r o e m u l s i o n samples were 
measured by f o l l o w i n g m e t h o d . 
D e n s i t y Measurement : 
For t h e measurement o f d e n s i t y , a d i l a t o m e t e r of 
a p p r o m i x a t e l y 5 .5 ml c a p a c i t y f i t t e d with a g r a d u a t e d stem 
of l e a s t - c o u n t 0 .002 ml was u s e d . The marks on t h e stem of 
t h e d i l a t o m e t e r were c a l i b e r a t e d by making u s e of t h e d e n -
s i t i e s of p u r i f i e d c y c l o h e x a n e and w a t e r a t v a r i o u s t e m p e r a t u r e s . 
2 7 
Th-> volume change in cyclohexane and water during the 
ca l ibe ra t ion of the dilatoraeter were recorded as a 
function of temperature. At a p a r t i c u l a r temperature 
densi ty of the solvent was calculated from the well 
known density temperature r e l a t i o n . 
d. = d + 10"^ a ( t - t l +10"§(t-t^)^+10"^ VCt-t ) ^ 
t S S "^  S S 
where d / «,P, and i are constants. For cyclohexane these 
constants have the following values. 
d a P 7 limit of error Range 
.79707 -0.8879 -0.972 -1.5500 0.0003 0 to 65°C 
The known amount of the solution (by weight) was 
transferred to the caliberated dilatometer and the volumes 
were noted as a function of temperature. The density of 
the solution has been calculated at any temperature from 
the volume change. 
R E S U L T S 
2S 
R E S U L T S 
The studies of the formation of w a t e r - i n - o i l ( w / o ) 
microemuls ion systems composed of CTAB-water-n—alkane-
2-ethyl-l-hexanal, were investigated a t various temperatures. 
The number of moles of alcohol per mole of sur fac tant , n /n 
a s 
and numbp-r of moles of oil per mol of surfactant, n /n , were 
O S 97 determined by t i t r a t i o n method . Th^jse values for d i f fe ren t 
o i l s a t Various temperatures are shown in tables 1-3. The 
p l o t s of n /n versus n /n for n-alkane and CTAB micro-
a s O S 
emulsions are shovm in figures 1(a) ,1(b) , 1 (c ) . The value-iof 
mole fractionn of alcohol a t the interface (X ) and in 
a 
contininuous phase (X ) were calculated from the in tercepts 
(I) and slopes (K) of these p l o t s . The values of standard 
f ree energy, £wG°, for t rans fe r of alcohol from continuous 
s 
t o interphase are a lso ca lcu la ted . The values of X 
3 a 
, I , K and Ci^G^ are tabula ted- in t ab le -4 . 
S t ruc tu ra l changes v/ere studies by varying the compo-
s t i o n of water in the microemuls ion systems composed of a 
fixed amount of surfactant and o i l . The .changes were studied 
by measuring the speci f ic res i s tance and v i scos i ty of these 
microemuls ion system of various compositions. The number of 
moles of water per mol of o i l , ri / n are plot ted agains t the 
spec i f i c res i s tance and/or v i scos i ty of these systems. These 
29 
p lo t s for n-alkanes a t 25°C are shown in f ig . 4^5. The 
c r i t i c a l r a t i o of Tnoles of water per mole of o i l , vc> upto 
which the microemulsions remain s t ab le , were correr.poncl to 
the point of inflexion of the ti versus n ^ n plots (figure 
5 ) , The Variation of v value with number of carbontoms, n in 
' c c 
the a lkyl chain of o i l s is shown in figure 6. The value of 
n/aQ/Specific res i s tance , -n ^nd v^ are tabulated in t ab le 5. 
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D ^ I S C U S S J O N 
The present microemuls ion system may be considered to be 
made of three phases, namely, continous o i l ph^se dispersied 
water phnse and the i n t e r f a c i a l phase. The d i s t r i b u t i o n of 
97 t o t a l alcchol (n ) among these phases may be wr i t ten as : 
"a = " a + "a ^ "a ^'^ 
where n , n , and n are the number of moles of alcchol in a a a 
the o i l , d isperse and at the i n t e r f a c i a l phase, respec t ive ly . 
The s o l u b i l i t y of alcohol in the o i l phase remains constant a t 
a pa r t i cu la r temperature. The d i lu t ion of a microemulsion system 
with an o i l and further t i t r a t i n g i t with alcohol w i l l s t i l l 
maintain the s o l u b i l i t y of alcohol constant . Hence the d i s t r i -
bution constant may be wri t ten as 
o 
•< = f (^ ) 
o 
From equation (1) and (2) we get 
"a = ^"o -^  "a + "a ^3) 
Since the moles of alcohol a t the interface and in the d isper-
sed phase depend upon the surfactant concentrat ion, equation 
(3) may be converted into a working equation by deviding both 
the sides by moles of surfactant , n : 
d i 
n n^ n , + n_ /.v 
_ a J. j^ o ^ a a C4) 
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Equation (4) suggests that a plot of _a versus ^ should 
n n 
o ^ 
result a straight line with slope K(= n /n ) intercept 
i ^ d ^ ^ 
^ ~^ "a a ).Assuming that the solubility of 2-ethyl-l-
"s 
hexanol is negligible in v/ater then I sim.,ly gives the moles 
of alcohjl ppc mole of surfactant at the interface. -Che 
titration studies were carried out according to Bowcott and 
9 8 Schulman . From the slopes and intercepts of these plots, 
(Pig. 1(a)/ 1(b), and 1 (c)^  moles of alcohol in the oil phase 
n / n , and the moles of alcohol at the interface n"^ /n / 
a' o a' s 
respectively, were calculated. 
The standard free enrgy of transfer /ib,G of alcohol from 
the continous phase to the interfacial region were calculated 
from the relation: 
where T is the experimental temperature. The values of I, K, 
mole fraction of alcohol at the interface X (= j:pT"\) / mole 
fraction of alcohol in the continous phase X~ (= "yy^ i and 
AG_ at different temperatures, calculated from equation (5), 
are summerized in table 4. 
The experimental results presented in table 4 show many 
inter-^ sting features of the microemulsion formation. It is 
clear from these results that at a given temperature the mole 
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fraction of alcohol at the interface increases linearly with 
increase in the oil chain length (table H) . These data fit 
the following equation 
x^ = .075 n^ + I. 
a c t 
where n i s the number of carbon atoms in the o i l and I. i s c t 
the in tercept at the experimental temperature v^ich corresponds 
to the mole f ract ion of alcohol in the system n . , > 0. 
This means tha t when en t i r e o i l continous phase i s replaced 
by water then X may correspond to the concentration of alcohol 
a t the micelle-water in terphase . 
The standard free energy change for t r ans fe r of alcohol 
from the bulk phase to the i n t e r f a c i a l phase becomes more 
negative in higher alkanes. This indicates that raicroemulsions 
should form spontaneously \^en the chain length of alkane is 
l a rge . The data also indicate (table 4) tha t the composition 
of alcohol per mol of surfactant a t the interface and the 
c r i t i c a l molar r a t i o of a lcoho l /o i l necessary to produced a 
microeraulsion, also increases with the o i l chain length. This 
shows tha t the t rans fe r of alcohol to the in terface i s favoured 
by higher chain length of the o i l as continuous phase. This i s 
fur ther re f lec ted from more negative values of AG in higher 
o i l s ^ ^ . 
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Figure 2 shows the plots of specific resistance 
versus n ter^'^ol ^^ -^'•^  ^°^ microemulsion systems containing 
fixed amount of oil and surfactant (CTAB). The region indicated 
in the curves show the physical appearance of the systems. 
When the amount of water is increased the specific resistance 
increased in curvilinear fashion in the optically clear region. 
The magnitude of electrical resistance in this region for 
pentane > hexane >heptane (Table 5) . Further increase in water 
contents in the system results in the appearance of a bire-
fringent region. In this region the electrical resistance 
incr<^ ases and latter it falls off rapidly at higher water 
contents resulting a turbid region. The critical water/oil 
ratio, Vc values where the microemulsion remains stable were 
obtained from Fig. 3, These values for oil pentane, hexane, 
and heptane, are 0.83, 0.94 and 1.04, respectively (Table 5). 
It was observed that the V value linearly dependent on the 
alkyl chain length of . oil phase (Fig,4). This indicate 
that higher oils are preferable to form a system of higher 
droplet size. Recently we found that V^ values for the 
similar systetJs with pentanol as co surfactant and oils, 
99 pentane, hexane, and heptane were .32, .37, and ,42 
The reported V^ values in this paper are much higher 
when 2-ethyl-l-hexanol is used as a cosurfactant. 
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I t may therefore be concluded that the branching in 
the cosurfactant chain enhances the so lub i l i za t ion of water 
with^concotnetant increase in the v/ater pool s i z e . Further 
s tudies on a s e r i e s of alcohols ocher than the conventional 
ones WDuld being about valuable infonnatiun concerning the 
formation and s t a b i l i t y of microemulsions and the nature of 
the i n t e r f a c i a l phase. The vX)rk in t h i s d i rec t ion i-j in 
progress in t h i s laboratory. 
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